ABSTRACT−A direct-injection spark-ignition engine was investigated for deposit formation after running on syngas. The study was part of an initiative to substitute fossil derived gaseous fuels with syngas. The fuel injector and spark plug were periodically inspected during the shutdown and the preliminary inspection indicated traces of deposits. As a result, the cylinder head was dismantled and inspected thoroughly after the run. The surface morphology was characterized by FESEM and its elemental contents were evaluated by EDX. Among the components, the spark plug was found to be best suitable for scanning in FESEM and EDX. Tests were conducted on the sides with and without deposit of the spark plug. The results from both sides were compared. No feed marks were formed even at higher magnification at the clean side. However, the side with deposit of the spark plug shows a spongy texture foreign material. Besides, the colour and morphology was different at different locations. Chemical composition was evaluated on atomic and weight percentage. The deposit was found to be iron oxide produced from the decomposition of iron pentacarbonyl contaminant from the storage tank as the result of carbon monoxide reaction with metallic wall of the tank at high pressure storage.
ABSTRACT−A direct-injection spark-ignition engine was investigated for deposit formation after running on syngas. The study was part of an initiative to substitute fossil derived gaseous fuels with syngas. The fuel injector and spark plug were periodically inspected during the shutdown and the preliminary inspection indicated traces of deposits. As a result, the cylinder head was dismantled and inspected thoroughly after the run. The surface morphology was characterized by FESEM and its elemental contents were evaluated by EDX. Among the components, the spark plug was found to be best suitable for scanning in FESEM and EDX. Tests were conducted on the sides with and without deposit of the spark plug. The results from both sides were compared. No feed marks were formed even at higher magnification at the clean side. However, the side with deposit of the spark plug shows a spongy texture foreign material. Besides, the colour and morphology was different at different locations. Chemical composition was evaluated on atomic and weight percentage. The deposit was found to be iron oxide produced from the decomposition of iron pentacarbonyl contaminant from the storage tank as the result of carbon monoxide reaction with metallic wall of the tank at high pressure storage. , 1986) . The technical challenges this fuel encountered in the past were its size, its long delay to come to stable operation, its batch type operation, its difficulty in automatic switch-off and excessive exposure to carbon monoxide (Decker, 2010) . Besides, the gasification technology was not technically mature at the time (Basu, 2010). However, the fuelling system has become tight from the environment and it become more fuel efficient at its current status. Therefore, this fuel is believed to be technically and economically competitive to that of compressed natural gas (CNG) for use as a fuel in modern spark-ignition (SI) engines (Richards et al., 2010) . This article is part of an ongoing research on the combustion, performance and emissions of different types of sygnases that represent both the lower and medium calorific value gasification gases. These syngases under study are 50% H 2 and 50% CO, 40% H 2 , 40% CO and 20% CH 4 and producer gas with 19.16% H 2 , 29.60% CO, 5.27% CH 4 , 5.41% CO 2 and 40.46% N 2 . These fuels were investigated in direct-injection (DI) SI engine. Unlike the DI liquid fuel engines, this engine was optimized for CNG. Results on performance of the engine using other gaseous fuels (CNG, H 2 and mixture of both) have been presented by other authors (Firmansyah, 2007; Mohammed et al., 2011a; 2011b; Abdullah and Aziz, 2009 ).
Results of the study of combustion, performance and emissions characteristics of different syngases were reported elsewhere (Hagos, 2013; Hagos and Aziz, 2014; Hagos et al., 2013; Hagos et al., 2014) . Furthermore, the combustion chamber parts, mainly the fuel injector and spark-plug tips, were regularly inspected during the study. These tips were *Corresponding author. e-mail: ftwi@ump.edu.my observed to be covered by a red colour deposit after a short run experience close to 1 hr at all syngas types. This observation was completely different to that of CNG and hydrogen fuelling in the same engine. Detial studies on the deposit formation of petrol and diesel and the analysis of their chemical compositions can be found in the literature (Shu et al., 2012; Jr. et al., 1985; John, 2001 ). However, no work can be found on the deposit formation of lower calorific value fuels such as syngas. Therefore, the current article is aimed at analysing the deposit formation of syngas fuelling in DI SI engine and further to bring the issue in to the scientific community.
METHODS

Engine Setup
The study was conducted in a four-stroke, single cylinder, DI SI CNG research engine setup with a compression ratio of 14:1. The schematic diagram is shown in Figure 1 and its specification stated in Table 1 (Hagos and Aziz, 2014) . The engine control unit (ECU) of the engine was optimized based on the performance mapping of natural gas. No alteration to the engine was made in this experiment except for the incorporation of syngas fuelling through a double fuel line injector holder, also explained in detail elsewhere (Hagos, 2013; Hagos et al., 2014) . Fuel switchover was easy with the double fuel line injector holder. The test conditions of the engine is shown in Table 2 .
Deposit Material Characterization
The deposits on the surface of the engine components were investigated with the help of visual inspection and its surface morphology was characterized by a Field Emission Scanning Electron Microscopy (FESEM). This equipment 
